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NfETHODS OP TESTING ANTAGONISTS FOR 
THEIR ABILITIES TO AFFECT THE ACnvITY OF 
G PROTEIN-COUPLED RECEPTORS 

FIELD OF THE INVENTION 

5 The present invention relates to methods of screening test substances for their 

abiUtics to interact with and modulate the fiinctional properties of G protein- 
coupled receptors. More specifically, the present invention describes methods of 
testing and ranking substances for thrir abilities to increase spontaneous G 
protein-coupled receptor activity and to sensitize G protein-coupled receptors to 
10 agonists, 

BACKGROUND OF THE INVENTION 

G protein-coupled receptors (GPCRs) are proteins located in the plasma 
membrane of cells. They function as one part of a multi-component complex 
involved in signal transmission. GPCRs share a conunon signaling mechanism. 

1 5 whereby signal transduction across the membrane involves intr^icellular transducer 

elements known as G proteins (named for their ability to bind and hydrolyzc ihc 
nucleotide GTP). When a cbonical messenger binds to a specific site on the 
cxti-Lcrilular surfiace of the receptor, die conformation of ihc receptor changes so 
that it can interact with and activate an intracellular G protein. This causes 

20 guanosinc diphosphate (GDP), which is bound to Ae surface of the G protein, to 

be replaced by guanosine triphosphate (GTP), triggering another conformational 
chance in the G protein. Once GTP is bo^md to its surface, the G protein regulates 
the activity of an effector. Tbecc cCToctora include enzymes such as adenylyl 
cyclase and phosphoUpasc C, ion channels that arc specific for calcium ions 

25 (Ca2+), potassium ions (K*), or sodium ions (Na^). and certain transport proteins. 
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In activauon o. GPCR. by tra.smi,.crs wUl induce one of a,e following 

effector r^ponses: act.vaUon of adenylyl cyclase, inhibition of adcnylyl cyclase 
or sumulation of phospholipase C acUvity. NVhcn the efTector adenylyl cyclase is 
ether activated or u^ibitcd. it produces changes in the concentration of the 
molecule cyclic adenosine monophosphate (cAMP), Another effector 
Phospholipasc C. causes one molecule of phosphatidylinositol-bisphosph.tc 
(PIP2) .0 be cleaved ^nto one molecule each of inositol triphosphate (IP3) and 
diacylglyccrol (DAG); IP3 the. causes calcium ions (Ca2^ to be released into the 
cy^cplasm. CAMP ^d Ca2- are termed second mcsser.gcrs. Alterations ir. 
cellular levris of second messengers act to alter the behavior of other target 
proteins in li.; cell. 
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GPCRs activate a number of different types of signaling pathways in cells This 
acUvation occurs at the level of the G proteins, which detect and direct signals 
from diverse receptors to the appropriate effector-response pathway. Although 
there are many.fomis of G proteins, the three main fomis aa as follows- Gs-like. 
which mediate activation of adenylyl cyclase; Gi-like. which mediate inhibition 
of aderylyl cyclase; and Gq-like. which mediate activation of phosphoplipase C 
Since one receptor can activate m«,y G proteins, the signal can be greatly 
amplified through this signal transduction pathway. 

A wide variety of chemical messengers, involved in regulating key functions in 
the body, act through GPCRs. "nicse include neumtransmitter. such as dopamine 
acetylcholine, and serotonin, hormones of the endocrine syrtem such as' 
somatostatin, glucagon, and ^ircnocorticotropin, lipid mediator, such as 
pro^aglandins and leukotriene^ and immunomoduJatoty protdns such as 
m.«rleukin-8 and mooocyt^hemo.t,r«:tant polypepdde. The f«nily of GPCRs 
.1-0 includes the receptors for light (rhodopsin). for odors (olfactory receptors) 
and for taste (gustatory recepton). Over ore hundred diflferent GPCRs have been 
.denUfied in humans, and m«iy more are expected to be discovered. Most of 
these receptors « believed to utilize one of the three principal G protein-effector 
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signaling paihways («tiinuladon or mhibidon of adenylyl cyclase (AC) or 
activation of pfaosphoUpase C (PLC)). Examples of neurotnuuBnitter GPCRs and 
their respective effector signaling pathways are shown in Table 1 . 
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A number of compounds can bind to GPCRs. These compounds arc called 
ligands. Analysis of the effects of ligands on the ability of GPCRs to activate 
efTcctor signaling pathways suggests that the receptors exist in two different 
conformations, an inactive, silent conformation and an active conformation rhat 
triggers G protein activation and effector signaling (Gilman. A.G., 1987, Anna. 
Rev, Biochem. 56: 615-649; Levitski, A., 1988, Science 241:800-806). An 
increasing amount of evidence suggests that GPCRs isomerizc rapidly between 
the active and inactive forms. 



Ligands that bind to the transmitter recognition site on the receptor may be 
classified into two types: 1) agonists, which mimic the action of natural 
transmitters and activate GPCRs; and 2) anUgom'sts. which bind to the receptors 
but do not activate the CPR. Agonists cause the receptor to assume the active 
conformation. The ampUiude of activation of GPCRs by agonists is termed 
efficacy and is an important parameter in assessing the therapeutic potential of a 
drug: a full agonist elicits a maximal response in a given tissue or system while 
a partial agonist elicits only a fraction of the maximal response at full occupancy 
of the GPCR. 



AnUgonisU prevent the activation of receptors. Until recently, it was generally 
believed that anUgonists act by bindir- to the receptor and blocking agonist 
binding, without having any eflTcct on receptor activity. It has now become 
apparent that antagonists can also act by turning off spontaneously-active GPCRs 
(GPCRs that are active even in the absence of agonist) (SchQtz and Freissmuih 
(1992) Thmds Pharmacol. &z. 13:376-380.). These negative regulators are called 
inverse agonists. Antagonists also exhibit efficacy: full antagonists completely 
turn off receptor activity while partial antagonists only partially inhibit this 
activity. Thus, antagonisu arc now thought of as negative regulatore, Le, They 
turn receptors off in twu ways: by blocking agonist action and by inhibiting 
spontaneous receptor activity. 



WO9S/14780 



CA 0:2J420$ 199I 02- 17 

PCT/CA97/W)713 



This evidence has led to a ir.odcl in which active and inactive n^cptors co-exist 
in the cell in equilibrium, with agonists pushing the equilibrium to the active form. 
mvase agonists pushing it to the inactive form, and neutral antagonists blocking 
the agonist action without favoring cither conforniation. 

5 Effects of agonists and antagonists described above arc acute effects, i. e, represent 

effects of drug on receptor activity when the drug (agonist or antagonist) is bound 
to the receptor. However, the effects of both agonists and antagooists on GPCR 
activity can change following chronic exposure to these drugs. 

A well-characterized example of chronic effect is agonist-induced receptor 
10 desensitization of the P^-adrmergic receptor. A decrease in the eff.c^y of an 

agonist is noted following an extended exposure of receptor to agonist, when 
removal of agonist is followed by immediate measuring of maximal receptor 
response to the agonist The observed decrease in maxima] response upon second 
agonist challenge is refcirtd to as desensitization and is believed to occur through 
15 a combination of different mcch^J^sm.. including removal of the receptor from 

the cell surface (sequestration) and cnzymahc phosphorylation of the activated 
receptor such that it is unable to interact with G protein transducers. This 
phenomenon has a negative impact on thc^ies, since the efficacy of the agonist 
drug decreases with time. As tolerance to the drug increases, the dose of drug 
20 must be increased to maintain the therapeutic effect. 

In some cases, chronic treateicnt with antagonist drugs has been reported to 
produce in increase in the number of GPCRs (e.g. dopamine antagonists in animal 
models). In other cases, however, chronic treatment with antagonists have been 
shown to promote decreases in the number of GPCRs (e.g. SITT, recentots and 
25 serotonergic antagonists; see Meltzcr and Nash (1991) Pfuirmacol. /?*rv. 43:588- 
600.). In particular, it has been shown that antagonists can decrease ligand 
binding capacity of the rat 5-hydroxytiyplamine Type 2C {SIH^ receptor 
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CLabrecquc et ai^ (1995) Moi Pharm. 48:15(^159.). This decrease in GPCR 
binding sites following antagonist treatment has been tcmcd '^atypical down- 
regulation'*. It is thought thai the down-regulation of GPC!Rs is a distinct action 
from inverse agonist activity. 

5 These effects of chronic antagonist treatment have not been associated previously 
with changes in receptor response to subsequent agonist treatment. However, 
acute antagonist effects have been described whicli suggest that antagonists may 
have effects on receptor responsiveness. A property termed "augmcnUtive 
antagonism" has been dc ^bcd in tissue studies, on a very few occasions 
10 whereby the simuhaneous addition of an antagonist and an agonist to the receptor 

causes an increase in the maximal response to the agonist. This observation has 
been interpreted as evidence that certain antagonists may increase the ability of the 
receptor to activate G proteins in response to agonists. 

In view of the diverse effects of GPCRs in the human body, it is not surprising 
15 that the pharmaceutical sector has great interest in the development of new drugs 

to target GPCRs. These dnigs hive potential as therapeutic agents in a wide range 
of human pathologies, includmg psychiatric disorders (depression, psychoses, 
bipolar disorder), metabolic disorders (diabetes, obesity, anorexia nervosa), 
cancer, autoimmune disorders, cardiovascular disorders, neurodegenerative 
20 disorders (e.g. Alzheimer's disease), and pain disorders. 

There are no methods of testing antagonists as ding candidates on the basis of 
their abiUty to effect change-, u tivities of GPCRs. Specifically, while there is 
a limited body of evidence sufc ing Lhat antagomsts may promote an increase 
in receptor response to agonists in certain tissue preparations, there exists no 
25 method to aystcmaticalJy rank antagonists for their relative abilities to exert this 

effect. Moreover, there is no known method of comparing antagonists for their 
rciarivc abilities to increase spontaneous receptor activity, since thia is a property 
of antagonists which has not been previously described. 
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Thus, in deterraining whether particular anlagonist5 arc candidates for suitable 
drug Ucatmenta, there is a need for methods of testing these substances for their 
ability to aifect the activities of GPCRs. It is therefore an object of the present 
invention to provide a method of analyzing test substances for two maruiers of 
affecting receptor activities: 1) for their abilities to increase the response of 
GPCRs to agonists, and 2) to increase spontaneous GPCR activity. 
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This background information is provided for the purpose of making known 
information believed by the applicant to be of possible relevance to the pn^scnt 
invention. No admission is necessarily in trnidcd, nor should be construed, that any 
of the preceding information constitutes prior ail against the present invention. 
Publications referred to throughout the specification are hereby incorporated by 
reference in their entireties in this application. 



SUiMMARY OF THE INVENTION 

To meet the needs noted above, the pr«cnt invention describes methods for 
1 5 testing and comparing antagonists for their abiUti« to affect GPCR activities, that 

exploits two new newly recognized abilities of inlagonists: 1) to increase ihc 
response of GPCRs to agonisU. and 2) to increase spontaneous GPCR acUvity. 
These methods will have direct application to the screening of antagonist drugs 
for potential thcnpcutic utility, and wUl be particulariy useful since the sensitizing 
20 effect of antagonist drugs is ligand selective. 

These methods are applicable to any recombinant GPCRs that can be expressed 
in heterologous host cells. 

In one embodiment, the method of the present invention involves the following: 
1) expressing cloned cDNA cacoding a GPCR in a heterologous host ceU; 2) 
25 treating these cells with diCferent concentrations of test substance; 3) washing the 
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ccUs to remove the test substance; and 4) measuring the ability of the receptors to 
activate cellular response pathways in the absence of added agonist (spontaneous 
receptor activity). 

In another cmbodimcnl, the method of the present invention involves the 
following: I) expressing cloned cDNA encoding a GPCR in a heterologous host 
cell; 2) treating these cells with different concentrations of ccst substance; 3) 
washiDg the cells to lemovc the test substance; and 4) measuring the ability of the 
receptors to activate ccllutar response pathways in the presence of increasing 
concentrations of agonist drug (agonist response). 

In yet another enibodiniait. this invention involves a test Idt including whole cells 
or membrane fiagments or cell membrane preparation which can express cloned 
GPCRs. appropriate reagents, and supporting documentaUon enabling the working 
of this invention. 

A further embodiment of the present invention involves a method of scrwaiing test 
substance* for their abilities to increase spontaneous G protein-coupled receptor 
activity, comprising: 

a. expressing DNA encoding a G proteiji-couplcd receptor in a cell 
expression system; 

b. contacting a test substance with the cells under conditions 
pennitting interaction of the test substance with the expressed G 
protein-coupled receptor; 

c. washing the cells under appropriate condi.tons to remove the test 
substance; and 

d. measuring a quanUfiablc parameter using biochemical or other 
aa-ay procedures that indicate the agonist-independent activity of 
said receptor in said system. 

Yet a fimher embodiment of the present invention involves a method of screening 
tet substance, for their abilities to i„er«se the n»ponse of G protein-coupled 
receptors to .goni*te, comprising: (1) expressing DNA encoding a G prx,tein- 
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coupled receptor in a cell expression system; (2) contacting a test substance with 
the ceils under conditions permitting interaction of the lest substance with the 
expressed G protein-coupled receptor; (3)washing the cells under appropriate 
conditions to remove the test substance; (4) contacting an agonist with the cells 
5 under conditions permitting interaction of the agonist with the expressed G 
protein-coupled receptor, and (5) measuring a quantifiable parameter using 
biochemical or other assay procedures that indicate the agonisl-dqjendcnt activity 
of said receptor in said system. 

Still yet a further embodiment of the present invention involves a test kit for 
screening test substances for their abilities to increase G protein-coupled receptor 
activity, in one or more containers, comprising: a) whole cells expressing a G 
protcin-cC'UpIed receptor, b) appropriate reagents and buffers to allow the 
contacting of test substances with said receptor; c) appropriate reagents and 
buffers to enable the washing of said cells to remove the test substances; d) 
appropriate rcagpnts, buffers, biochemical assay components to enable detection 
and/or quantification of activity of G protein-coupled receptors; and e) instructions 
for use of this kit. 

Still yet a furlhci- ombodiracnt of the present invention involves a test kit for 
screening test substances for their abilities lo increase spontaneous G protein- 
20 coupled receptor activity, in one or more containers, comprising: a) whole cells 

expressing a G protein-coupled recq)tor, b) appropriate reagents and buffers to 
allow the contacting of test substances with said receptor; c) appropriate reagents 
and buffers to enable the washing of said cells to remove ihc test substances; d) 
appropriate reagents, buffers, and agonists to pennit the inicraction of such agonist 
25 with said receptor, o) appropriate reagents, buffers, biochemical assay compoiicnts 

to enable detection and/'or quantification of activity of G protein-coupled 
receptors; and f) instructions for use of this kit. 
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Still yet a further embodiment of the present invention involves a test kit for 
screening test substances for their abilities to affect the agonist response of G 
protcin-coupIcd r-^eptor activity, in one or more container comprising: a) whole 
cells expressing a G protdn-coupled nxeptor. b) appropriate reagents and buffers 
to allow the contacting of test substances with said receptor, c) appropriate 
reagents and bufTer^ to enaole the washing of s.id cells to remove the test 
substances; d) appropriate reagents, buffers, biochemical assay components to 
enable detecUcn and/or quantification of acUvity ofG protcin-coupIcd receptor.; 
and e) instructions for urc of this fciu 



Still yet a further embodiment of the present invention involves a test kit for 
screening test substances for th«r abilities to affect the agonist response of G 
protein^oupled r^eptor activity, in one crmore container^ comprising: a) whole 
cells expr^g a G protein-coupled receptor, b) appropriate reagents and buffers 
to allow the contacting of test substances with said receptor, c) appropriate 
reagents and buffers to enable the washing of said cells to ronove the test 
substances: d) appropriate reagents, bulTas. and agonists to permit the interaction 
of such agonist with said recepton e) appmpriate reagents, buffers, biochemical 
assay components to enable detecUon and/or quantification of activity of G 
protein-coupled iweptort; and 0 instniclions for use of thii: kit. 

Still yet a further embodiment of Ac present invention involves an in vUm method 
to evaluate a C piotein-coupled receptor antagonist, the test compound, for the 
ab.hty to increase spontaneous G protein^upled receptor activity of its 
corresponding G protein-coupled oceptor. the method comprising: (a) incubating 
the test compound for a limited period of time xvith a whole cell or cell membr:«e 
preparation comprising a cloned and expr^sed G pro,eins:oupled receptor 
washing out any re«dual test compound prior to evaluating its efTccts; and (b) 
measunng the extent to whicl. the t«t compound. 
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StiD yet a further embodiment of the present .nvcnUon invol-.cs an in Utro method 
to evaluate a G protein-coupled receptor antagonist, d c test compound, for tJie 
ability to increase the spontaneous receptor activity or effect on agonist rcsporw 
of its corresponding G protein coupled receptor, -Jic method comprising: (a) using 
biochemical or ether assay procedures to measure a quantifiable paianieler th?t is 
indicative of the density of rccrptors ability to activate a cell Jar response pathway 
ir a whole c«ll or cell membrane preparation, comprising a clonal and expressed 
G protein-coupled receptor, (.b) incubating the test :ompound with an aliquot of 
the picparation for a limited period of time; (c) washing out residual test 
compound from the prcpantion; and (A) measuring the quantifiabie parameter ir. 
the test corapo.jnd-treatcd aliquot to determine the extent to which the test 
compound increases the spontaneous receptor activity or effects the agonist 
response of the receptor. 

Still yet a furthor embodiment . f the present invention involves ao it vitro method 
to evaluate a G protein-coupled receptor antagonist, the test compound, for the 
ability to increase the spontaneous receptor i-tivity or cfibct on agonist response 
of its corresponding G protein-coupled receptor, the method comprising the steps, 
to be followed sequentially, of: (a) geners^ipf; a i-eprodiic^blc CTtpression system 
that allows for discri-nination of chemical compouiids baaed on their relative 
ability to increase the sponiareous receptor activity or cfTect on agonist response 
of said G protein-coupled receptors wherein said syaem expresses a gene coding 
for a G protein-coupled receptor in a cultured cell- line m a manner that causes 
bioiogicaliy active receptors to become incoiporaicd into the ceU membrane at a 
conccntradon that is sufficiently high that it permits ranloxg of the potencies of 
*e abilities of antagonists to incre^- the spontaneous receptor activity or effect 
on J-gofist resp-jnse cn a statistically significant basis, yet not so high to induce 
cell toxicity;fb) 3C1 i-il\uz a ':^\\ preparation or cell n7Cfnbr-uic prrparation &oin 
the expression system; (c) measuring a Quantifiable para.-:,-tcr that is indica-Jvc of 
the G protdn-couplei recepcors; (d) coatactixig an aliquot taken from the 
preparation with a test compoimd under condition.v permit tmg intfi:-action of ^^c 
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test compound with the G protein-coupled receptor; (e)washing out residual test 
compound fiom the aliquot; and (f) measuring said quantifiable parameter in the 
aliquot subsequent to (e) to detcminc Ihc extent to which said compound to 
increase the spontaneous receptor activity or cfTcct on agonist response of said 
receptor. 



Various other objects and ail vantages of the present invention will become 
apparent from the detailed description of the invention. 



BRIEF DESCRIPTION OF THE DRAWINGS 



Figure I . Effects of serotonergic antagonist prctreatment on IP release in SHTjc- 
expressing Sf9 cells. Sf^ cells labeled with [^myo- inositol (I ^Ci/ml) were 
infected 48 houre with a baculovinis encoding the SHTic receptor and trxsatcd for 
60 min. with various conccntiations of methyscrgide (A), mianserin (B), 
mctcrgolinc (Q, clozapine (DX loxapine (E), and chlorpromazinc (F) as indicated 
on the abscissa. Treated and control cclL> were washed extensively in parallel, 
then LncubatcJ in the presence of 1 SKT (white circle), 1 mianserin (white 
scjuarc), or vehicle (black triangle). IP levels were measured in whole ceUs in this 
representative experiment where the point shown represents averaged 
untransformcd daU from a triplicate assay. The half maximal estimates of the 
increase in receptor function from 3 independent drug treatments are as follows: 
metcxgolinc 3.8 ± 0.7 nM; mianserin 1.9 ± 0,7 jiM; and clozapine 4.9 ± 1.7 isM. 

Figure 2. 5HT and mianserin dose response curves af^cr different concentrations 
of raetergoline pretrcatmcnt on 5KT^ receptors expressed in Sf9 cells. These 
results demonstrate effects of agonist on IP release in SHT^xprcssing Sf9 cells 
af^cr various prctrcatmcnts with raetergoline. Sf9 cells labeled with [^K]mycK 
inositol were mfected with the SHT^ baculovinis. At 4S hours after infection, 
cells were pr^treated for 60 min. with cither vehicle (control Mack square and 
dotted cmvc) or various concentrations of metcrgoline (5M - white square; 6M - 
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black circle; 7M - black lozenge; 8M - my crted black triangle; 9M - 'iprighl black 
triangle) before the washout protocol was performed. IP levels were then 
measured in pre-tre*tcd whole cells in the presence of various concentrations of 
5HT (panel A) or mianserin in panel B a5 indicated on the abscissa. Data arc firom 
5 a representative experiment of triplicate assays; averaged results from three 

independent experiments (EC34) arc reported in Table 2. 



Figure 3. SHTjc receptors expressed in Sf9 cells. Receptor activity after diflcrcnt 
antagonist pretreatmcnts on Si9 cells expressing the rat SHTj^ receptor 
demonstrating eiTects of serotonergic antagonists on apparent loss of 

10 f^HJmcsulcrginc binding sites in SHTjc-containing Sf9 membranes following 

antagonist prctreatmcnt Cells were prepared at 48 hours post-infection from S© 
cells infected with the SHTjc bacuiovirus, then treated with the indicated SHTjc 
antagonists for 1 hour. Treated and control membranes were washed extensively 
in parallel, then incubated with plfjmcsulcrgine (10 nM) to determine the residual 

15 binding after drug treatment. For each ligand, data &om throe independent 

cxperimv^nts were analyzed simultaneously assuming a common value for ECjo 
(see T^lc 3), with Y^x-o) ^ix-n unconstrained. Th*- curves and averaged 
points (n=3) shown were derived firom a representative experiment obtained on the 
same day with all drugs tested in parallel on the same membranes. Values from 

20 a representative set of data were scaled taking the fitted values of Y^^-^j) as 1 00%, 

and the points shown represent (the averages of) the scaled data (i SEM). Each 
curs'c was generated using the fitted values of ECjo, with Y^x-q) set to 100% and 
Y^x,), act to the average of [((Y(x,,j /Ypc^)*lOO%]. For clarity, points 
corresponding to concentration < (EC50/IOOOO) were omitted from the figure, 

25 Values for EC30 arc reported in Table 2. 
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DETAILED DESCRIPTION OF THE INVENTION 

The follovying tenns and abbreviations are used throughout the specification and 
in the claims: 



A •'agonist response" is defined as the ability of CPCRs to activate cellular 
r ponse pathways: (a) in the presence of agonist, or (b) in response to agonist 

A "chcmical-nicsscngcr" is defined as any messenger, in the absolute broadest 
sense, natural or unnatural, tha induces an effect or blocks an effect on a 
protcinaceous receptor, including chemical substance transmitters (e.g. 
neurotransmitters, hormones, and lipid mediators such as prostaglandins and 
Iculcotricncs; usually act on chonoreceptors). (e.g. signaling via a rhodopsin 
receptor; usually acts on electroraagnctic (photo) receptors), and stimuli such as 
temperature and mechanical signals (e.g. physical or chemical damage, vibration, 
touch, pressure, movement) which act on mechanorcccptors, lhamorec^>tois, and 
nociceptors. 



An "effector protein" is defined as any protein that is activated oi inacti'^atcd by 
a G proteiiL Some examples include adcnylyl cyclase and phospholipasc C 

A "G protein" is defined aa any member of the family of signal transducing 
guanine nucleotide binding protetm. 



A Xj protein-coupled receptor" in defined to be any cell airfece transmembrane 
protein tliat, when activated by a chemical, mediates signal transducUon by 
coupUng wi A a hcterotimcric guanine nucleotidc-binding protein (G protein). 

A "UgKkT' ia intended to include any substance that IntmctB with a rccq>tor It 
may simulate, inhibit, or cause lome eff^cct for the activity of the receptor. An 
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''agonist*" is defined as a ligand increasing the functional activity of a receptor (ie. 
signal transduction through the receptor). A ''neutral anugonist*^ is defined as a 
ligand that . bLd to the transmitter recognition site on the reccfjtor and thereby 
bkx:k receptor activation by agonists. An 'Hnverse agonist** is defined as a ligand 
5 that can decrease the spontaneous activity of the receptor. 

A "receptoi'* ia intended to include any molecule present inside or on the surface 
of a ceil, which can affect cellular physiology when either stimulated or inhibited 
by a ligand. 

A '^second messenger*' is defined as an intermediate compound whose 
1 0 concentration, either interccUulfirly or within the surrounding cell membrane, is 

raised or lowered as a conseqtience of the activity of an efifector protein. Some 
examples of second messengers inchide cyclic adenosine monopho^hate 
(cAMP), pbophatidylinositol (PI), calcium ions (Ca^^). and arachidonic acid 
derivatives. 

15 A "spontaneous receptor activity*" is defined as the ability of CPCRs to activate 

cellular response pathways in the absence of agonist. 

A **te5t substance" is intended to include any drug, comp>ound, or molecule with 
potential biological activity. 

The present invention relates to methods of testing substances for their abilities 
20 to increase the response of GPCRs to agonists and to increase spontaneous GPCR 

activity. 

These methods are based on the discovery thai certain antagonists can 
difTcrentially increase the efficacy of agonists or the spontaneous activity of 
GPCRs. These sensitizing effects represent novel activities of antagonists which 
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may involve improving receptor coupling efficiency and reducing receptor 
density. 



AnUgoni5t induced sensitization of GPCRs is likely to be of significance in the 
treatment of disease since it could be used to revert a lack of agonist 
responsiveness to a iiormal responsive level. It could also be used if poor 
coupling of agonist to ihc GPCR is implicated in the etiology of disease. Specific 
therapeutic applications of drugs that re-sensitize G?CRs could be important 
novd paradigms for drug development. These alternative methods of antagonist 
action shouH Ke oonsidcred when exploring therapeutic processes involving 
antagonist firu jS. 



Creadon of Recombinaat Vector and Infection of Cell Linet: 

The preliminary step of the assay method of the present invention is the 
expression of GPCRs in heterologous host cells. For clarity, tlie SHT^c receptor 
is used as an cxpinple; however, the descriptions ^ly equally well to any GPCR 
whose cDNA has bcxn cloned, such as thyrotropin, lutropin-choriogonado tropin, 
dopaitiine, and histamine rccepeors. Likewise, once cDNAs become av?ilablc for 
other GPCRs. they can also be used in the present invention as described below. 
This method is applicable to any GPCR once a cDNA clone for that receptor has 
been generated. 



The cDNA coding foi functional GPCR can be inserted into any suitable vector, 
ckmod, and expressed in an appropriate cell line. An appropriate cell line is one 
that will be able to express aini process the receptor, in addition to possessing the 
nocesaa-y biochemical machinery to respond to signal transduction through a 
given receptor. Transfection may be pcrfbmaed according to known methods. In 
general, a cDNA sequence encoding a receptor may conveniently be subja-tcd to 
recombinant DNA procedures. 
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The vector may be an autonomously replicating vector, such as a plasmid, or it 
may be one which, when introduced into a host cell, is integrated into the host cell 
genome and replicated together with the chromosome(s) into which it has been 
integrated. Using procedures that are well known to those sldlied in the art, DNA 
5 expression vectora incorporating coding regions for the receptor will be suitable 

for replication in the appropriate host cell. Eukaiyotic viral vectors such M insect, 
and mammalian viral vectors can be constructed using vectors such as the 
baculovirus, the Sindbis virus, the Scmliki Forest virus or the vaccinia vhiis. 
Retroviral and adenoviral vcctore nan also be used. The DNA sequence encoding 

1 0 the receptor should be operably connected to a suitable promoter sequence and a 

suitable terminator sequence, and may further comprise a DNA sequence enabling 
the vector to replicate in the host ceil in question. Tne procedures used to ligale 
the DNA sequences coding for the receptor, L.c promoter, and the terminator, and 
to insert them into suitable vecton containing the information necessary for 

1 5 replication arc well known to persons skilled in the art (Sionbrook etal.,(\ 989) 

Molecular Cloning: A Laboratory Manual, Cold Spring Harbor Laboratory, Cold 
Spring Harbcr, New York.). 

Cells that may be used in the prcsrat nirtthod arc cells that arc able to cx^-rcss the 
cloned receptor at a sufficiently higi: level, id addition to possessing the ability to 

20 activate signal tiansduction in cell signal pathways. Such cells arc typically 

cukaryotic cells, s^Jch as mammaliar or insect cells Methods of transfecting 
mammalian cells and expressing DNA sequences ii troduced in the cells arc well 
known to persona skilled in tbe arC (Kauftnan and Sharp (1982) 7. Moi BioL 
159:601-621; Southern and B.^ (1982)7. Mol AppL Genet. T :327-341 ; Loyter 

25 et ai, ( 1 982) Proc, NatL Acad, Set USA 79:422-426; Wiglcr e( aL () 978) Cell 

14:725; Corsaro and Pearson (1981) Somatic Cell Genetics 7:603; ( J^am and 
vmdcrEb 1973) Virology 52:456', Neumann ^ a/.. (1982) £jWBO/. 1:841-845; 
and Wigler et il., (1977) Cell 1 1 :223-232.), 
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One .ucb v«„r „d «cp,«rioa ^, „^ ^„ 

.nv^on , ^„„.^, ^^^^ ^^^^^^ 

-P.b„ of »p^.s . GPCR io . h« ta»« Cllinc (C* SB celU). Examples' 
of how u. coa^, ^ubk recombi^, .„ ^ ^ ^ 

P«.„„ NO. 4.74..05, and 4.87«36. „f 
DNA >«l™,l„o, p,«^i^ ,„ ^ „™,p„,^„„ „f 

system ,re .d. know. u,„e dcilUd in 0,c „ (o-Rei„, „ 
*.c/<„*u. ap^„o„ „ ^^^^ ^ 

F,«™m ™l Comply); D.»ie.(l»4)Bfc^^„„,„^ 12:47-50.). 

0™a„6^„, Of ftis i„v.-,io„ ^ ^ 

GPCTs„,b«uIovu^i^„n.y« T^A.,^,^^,y,„,,,„^^,^ 
polyh«ta« b,culovin» (AcNPV) h« b«„ sk„„„ „ fc, „ ^ 

.xp,«.i„„ veer for ±. p„>d„etio. io cul^ j^, „^ 

^.o-T.cW/o«, 6:47-55, Millc (1 988) ^,„„ j^^,^,^, .j.,,,.,^ 

n«n,bo, orCPCRs b,cu,ovirus-S« oeU expression 

.y«en, juK, „„. ^ „ ^^.„ 

n„» (M,„,„„ „ ^ ^ 267,2,733-2,737; P^., 

ac. CA». 266:519-527; Won, (1990)^ Biol. C*,„ 265:52! 5^224.). 

One p^ic„,„ en,b<^„, ^ .^^^ ^ ^ 

^--w i»*.b«u.ovi.us«p,=«„.^i„SSe„U. li^^^ 
U,e ,nf.c«„„ Of S« ce„s wie, ,eco„.bi.„, ,.„,„^ 

r«.p..r ,e,^ ,o ,te expression of „„„„ J J^" 

W^o leveu repo... for ^ cells ex,^ ^ _„,^ 
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5HT^ receptors, the baculovinis-cxprcsscd SHTjc receptor activates 
poI>phosphoino6itidc hydrolysis in response to serotonergic agonists via a 
j)ertussis lojun-inscnsitivc pathway. The expressed receptor exhibits spontaneous 
activation of inositol phosphate production, which is inhibited in a dose-dependent 
5 manner by serotonergic antagonists, consistent with inverse agonist activity. 

Screening of Test Substuces: 

Once a fiir. tional GPCR expression system is obtained, test substances can be 
screened to detcnnine whether they increase spontaneous GPCR activity or 
increase GPCR response to agonists. This involves treah'ng the recombinant cells 

10 with different concentrations of test substance, then washing the cells to remove 
the test substance. The ability of the GPCRs to activate cellular response 
pathways in the absence of added agonist (spontaneous receptor activity) or in the 
presence of increasing concentrations of agonist drug (agorist response) is then 
measured. Activation of cellular response pathways can be measured by any 

1 5 suitable quantifiable parameter using biochemical or other assay procedures thai 

indicate the activity of the cloned receptor in the expression system. Many 
appropriate biochemical and other assay pixxreduies using standard techniques arc 
well known to persons skilled in the art. One example of such an assay involves 
determining the activity of effectors such as adenylyl cyclase or phospholipasc C. 

20 The activity of the effector is determined by measuring levels of second 

messenger such as cAMP (for example. Oilman (1970) Proc, Nati Acad, Sci. US^i 
67:305-312.) or inositol phosphate (Fargxn et al, (1989) 7. BioL Chem. 
254:14818-14852.). 

In a preferred embodiment of this inventioa, Sf9 cells infected with the 
25 Sirix/bacuJo virus vector are pre-trcated with varying concentiations of different 

test substances. After extensive washing of residual tc«l subsfaiMie, assays are 
performed on whole cell preparations to detcnnine the effect of these ^libstances 
on the spontaneous activity of OPCRji tnd on the response of receptors to 
agonists. This is achieved by measuring inositol phosphate levels. 
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The pr««rt invention is described in further detdl in the foUowing non-limiting 
examples. It is to be understood that the examples described below are not meant 
to limit the scope of the present invention. It is expected that nuincious variants 
will be obvious to the pei«,n drilled in the art to which the present invention 
pertains, without any dcpaitiw ftom the spirit of the present invention. The 
appended chums, properly construed, form the only limitation upon the scope of 
the present invention. 

EXAMPLE I 

Reagents: 

Buffer chemicahi and protease inhibitors were purchased fiom Sigma, and cell 
culture media from Gibco/BRL. Unlabeled ligands were supplied by Research 
BiochemicaU Intcn»tion.l. with the exception of Loxapine. which was « gift fix,m 
Dr.B.Roth. PHIne8aI«gine(78.82Ci/mM)waspunAasedfiomAm«hamand 
, pHJmyo-inoaitoI (10-20 Ci/mM) was purchased bom NEN-Dupont. n,e AG 1 
15 X 8 ion exchange resio was supplied by Bio-Rad. 

CoDstnctioq of Recombiaaot Bacnlovlnit: 

The recombinant b«:ulovin« used for expression of the r»t 5HT«. receptor was 
provided by the Biotechnology Research Institute of Montreal. TTie virus was 
constructed a«ng . aynthetic DNA fiagment encoding the rat 5HT« receptor 
bnscd on the published «,u«nce of the cloned cDNA fiom choroid plcxuc (Julius' 
« a/.. (1988) Science 241:558-564.). The synthetic cDNA was prepared ar>d its 
«quencc verified by Al!eIixBioph.rmaceutic1.(Mi«rissaugm ON). Th-cDNA 
was inserted into the IpDC-126 baculovini. transfer vector and a mcombimmt 
bacuJovuus was p«>duced and purified a. prrvioualy de«:ribed (O'Reilly « aJ 
(1992) BacuJcvirus Egression Ve^„: A Laboratory Manuat). 



Cell Cnitare and Rsceptcr Exprcssloo: 



CA •22342»5 19»t-02-n 



WO 98/14780 

PCT/CA97/00713 

-22- 

Sf9 cells were cultured in 50 ml batches in 250 ml sliakcr flasks at lloQ in Sf-900 
n senun free medium containing 50 ^g/ral gcntamicin sulfate. Cells were grown 
to a density of 3 X 10* cellsTnl and infected with the 5HT,c recombinant 
baculovirus or with wild-type Autographia califomica nuclear polyhedrosis 
baculovinia. lU a multiplicity of infection of 2. Viral stocks for infecb ons were in 
Gr-cc's insect medium containing 5% fetal bovine senun (Hyclonc) and were 
added to cultures at a dilution of approximately 1/20 upon infecUoa The infected 
cells were maintained in culture for various periods and used for analysis of Ugand 
binding and measurement of IPS production as described below. 

RadioUgand Binding Assays; 

For Ihe estimation of total receptor numbers in intact Sf9 cells, the cells were 
pelleted by low-speed caitrifugation (3 min. at 800 rpm in Sorvall H6000A rotor), 
followed by resuspension in PBS and re-ccntrifugation, and resuspended in either 
PBS or binding buffer (50 nM Tris/HQ. pH 7.4. 15 mM MgCl,. 2 mM EDTA, 
0.1% ascorbic acid, 5 mg^ml leupeptine. 10 mg/ml aprotinin. 20 mg/ml 
bcnzamidine, 50 mg/ml TPCK, and 50 mg/ml trypsin inhibitor). Cell viability 
afler washing was crtintated at 60-70% by tiypsan blue exclusion. Aliquots of 
10.000 cells were incubated for 1 hour at 27-C in a final volume of 540 ml 
containing 20 nM of pH]mesuletgine. Incubations were terminated by vacuum 
filtration over GF/C CItcn and washing with binding buffer at A->C. Bound 
radioactivity was measured on filters impregnated with MeltiLcxTM melt-on 
acintillant uatng a Wallac MicroBeU counter. Nonspecific binding was estimated 
in parallel incubations containing lOmM mioiserin or mctergoline. 

For analysu of Ugand binding to membrane preparations, culnues woe harvested 
at 48 hr post-iafeclion, lysed, and a membnne pellet was prepared as previously 
described C-cbrecquc et aL. (1992) FEES letters 304:157-162.). TTiesc were 
stored at -8U»C. Protein concentrations were detennir.ed by the nitmcellulose 
amido black irethod (Scliaflher and Weissmann (1973) AnafyHc. Biochem. 
56:502-55 1 .). Mcmbianet were thawed on ice and resuspended in binding buffer 
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by homogenizadon in a Potter homogcnkcr. The membranes (5 mg) were 
incubated with I'H]mcsulcrgine for 1 hour at 27oC in a final volume of 540 ml. 
and the assays tenninaicd as described above for intact cells. Saturation binding 
assays yielded a Kd for rHjmesulergine of 2 nM. and competiUon binding assays 
with uiUabeicd drugs were carried out wiJi 3 nM ['H]mesulcrgine (Table 1). 

Inositol Photpbate Prodaction: 

Growing cell cultures (1 X 1 0* cclls^) woe pitlabeled with 2 mCi/W [^myo- 
inositol for 24 hours prior to infection^ and th^ labeled cells were then tnmsferred 
to 50 ml shaker Hasics for infection. At 48 hours after infection. Sf9 cell cultures 
were treated with antagonists by adding drugs directly to the culture medium 1 
hour before cell harvest Cells from treated cultures were extensively washed in 
culture medium (4 X Ih) to rrmove unbound ligands and resuspcodcd for 
polyinocitolphosphatc production as described in Labrecque et al.. (1995) Mol. 
Phamt. AZ:\50-159. 

Effect of Drag Pretreatnient on pH]me«aIer^e Binding: 

Growing cell cultures (1 X 10* cells/ml) were prelabeled for 24 houn with 2 
mCi'ral pHlmyo-inositol prior to infection, and the labeled cells were then 
ti ansferrcd to 50 ml Bhake. flasks for infection. At 48 hours after infection, Sf9 
ceU cultures were treated with antagonists by adding dnigs directly to the culture 
mediunj 1 hour before cell han-cst. Cells from treated culmres were extensively 
washed m culture medium (4 X Ih) to remove unbound ligands. and resuspended 
for po!yino.itolpbo«phate production and for parallel binding with 10 nM 
[^HJmesulergine as describe.! (labrecque etaJ.. (1995) Mol. Pharm. 48:150-159. 
Further details are described in Tabic and Figure legends. 

Aoalyab of Data: 

The binding of rH]me«uIergine (saturation experiments) and the inhibition of 
PHlmesukrgixie binding by unlabeled serolor • iigands were analyzed in toms 
of a «glc cla« of binding site using the cor^u ^ program LIGAND (Munaon 
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and Rodbard (IQ80) Analytic, Biochem. 107:220-239.)- ^>aU from three 
indcpendcTit binding cxpcrimcnU were fitted individually and the affinities 
prc:>cnted for pH]mcsulcr^c (Kd) and other ligands (Ki) represent as the average 
values {± "SEM) from 3 sets of data. Dose-response da^'> for Ips and a;itagonist- 

5 induced decreases in [^mcsulerginc binding capacity wer^ sc^ed taking values 

measured in the absence of added ligand as lOO^o. The scalcJ da*^ were analyzed 
according to a four parameter logistic equation analogous to the Hill equation 
(ALLFIT: A, DcLean, Department of Phannacology, Univcrsite de Montreal, or 
EMPLOT: Prizm Software, San Diego, CA). For the decrease in ['H]mesulergine 

10 binding with each ligand, three to four sets of data were fitted simultaneously 

using ALLFIT with the slope factor set equal to 1 . Further details are described 
in Tables and Figure legends. Maximal inverse agonist activities measxircd for 
each drug tested were compared statistically by a two tailed t test (a=O.05). 

Expression of fucctioDal SHTjc receptors in Sf9 CeUs: 

15 A baculovirus encoding the rat 5HT2C receptor was used to express the 

recombinant receptor in cuitunjs of Sf9 insect cells. Receptor levels, as measured 
in whole cells by the biiiding of [3H]mesulcrginc (lOnM), increased with time 
after infection to reach approximately 1X10* sites/cell at 72 hours after infection 
(data not shown). 

20 Analysis of AnUgonUt Preti estmcat on Inositot Phosphate Activity: 

Six serotonergic antagonists were selected to be screened for their abilities to 
afTect GPCR activities: metcrgoline^ iniBziBerin, methysergide, clozapine, 
loxapine, and chlorproniazme. All six arc known to demonstrate good affinities 
for the rat Slilac receptor (Roth et ai (1991) 7. Pharmacol Exp. Ther. 260:1362- 

25 1 365). Cells were pretreated with varying concenliatioas of the ar jonists, then 

w&£hed erxtensively. Cells were then incubaieu* either unstimulatM to measure 
spontaneous activity, or induced by agonist. The cells were then assayed for 
production of inositol phosphate (IPV Results are shown in Figure 1 . 
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Increased Spontaneous Activity of GPCRs: 

Of the six pretreaUnents perfonned. metcrgolinc. mianserin, and the itypical 
ncurolepric clozapine had aignificant effects on the level of spontaneous receptor 
acuvity as compared to control vehicle pretreated cells. These spectacular and 
unexpected increases in spontaneous activity were concentration dependent. 
These same three drugs inhibit spontaneous receptor activity and display inverse 
agonist effect in acute assays (Labrecque et al^ (1995) ,uprd). In contrast, 
pretreatment with methyscrgide. loxapinc. and chlorpromazine were unable to 
change the spontaneous activity of die SHTjc receptor. 

Antagonist prctreaimcnt regiments were pcrfomied across a range of 
concentrations varying fiom vehicle to 1 00 ^M. The IP activity demonstrates a 
byphasic response curve for the sensitizing effect of metergoline. mianserin, and 
clozapine pretreatmcnt on the spontaneous Ugand-indepcndent activity of the 
receptor. The unusual beU shape curve suggests that spontaneous receptor 
activation increased up to a peak level with increasing conccntnoion of antagonist 
treatment, but part a threshold of antagonist concentration, levels of spontaneous 
receptor activation relumed to a lower basaJ level. 

These observations suggest that specific antagonist pretrc*tments have direct 
effects on the basal level of spontaneous activity of GPCRs and a concomitant 
etTect on the level of GPCR binding sites. The variation in receptor density 
observed would sc«n to be implicated in this complex alteration of spontaneous 
levels of reenter activation. 

Increased GPCR Rapoaae to Agoaisti: 

Serotonin efficacy is greatly increased foBowing pretreatinem.. witi, metergoline 
mianserin, or clozapine (Fig. 1). This increase is oncentiation dependent. ThJ 
pretreatinent regimens show a byphasic response curve for agonist response, 
«m.l«^ to the beU shaped curve correspondii^g to elevated spontaneous «:tivity 
BoA curve, display «iperirnpo«a,le ascending components i«uhing m equivalent 
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rank order potency (TZC^J for the sensitizing phenomenon induced by increasing 
concentration of antagonist pr^-atmcnt. The dcsrending component of the haj;al 
unstimulated curvw drop al a coT>ccntration inferior to the .qame component of the 
agonist rcspoasc curves. 



The resulting olcv^on in 5HT efficacy represents a phenomenal increase in 
agonist response determined by the absolt'le level of sensitization and by the level 
of spontaneous activity present in the system. The results indicate thai lower 
concentrations of prctreatmcnt have greater impact on spontaneous levels of 
activation than on the actual agonist efficacy. 



The maximal agonist response observed after antagonist sci Mlization trea'ment 
indicates that the rank order for the magnimde of ih^s effect was metergolinc 
(350% ± 1 25) > mianserin (300% ± 125) > clozapine (60% ± 20) > loxapinc (40^) 
i chlorpromaine (30% ± 35) > methysergide (20% ± 20). This rankiixg of 
maximal sensitizing efficacy of antagonist pretreatment is different than their 
corresponding rank order potency for the increased 5HT response described 
above. Alt'.jou^h cstiinated maximal percent IP stimulation with 1 jiM 5HT after 
anUgonist pi etreatmait vared between experiments, the extcat of the stimulation 
observed was always withiri i 00% to 350% over basal levrl for nietcrgoline and 
mianserin prctrcatmenL They j stimulation levels correspond accurately to levels 
of maximal 5HT stimulation observed in choroid plexus (400%) (Sanders-Bush 
and Breeding (19ft9) J. PharmacoLExp. Thcr, 252:984-988; Sanders-Bush and 
Breeding (1988) J, PharmacoLExp, Thcr, 247:169-173.), or in N1H/3T3 cells 
(200%) (Barker es aL (1994) J. Biol. Chem, 269:1 1887-1 1890 ). 

Figure 2 shows a scries of dose response curves with 5m fcllcwmg antagonist 
(rnetr guline) prctreatmenf al vahous concentrations. Figure 2A rcpcits the effect 
of mctcrgolinc treatment on 5HT dose-response ;)roduction of !P<;. The results 
indicate Uiat met jrgoline pretiratment at conccntratioris inferior to 1 0 oM prodtxre 
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5HT dose responses idcnticaJ to vehicle trcaled cells. In contrast, higher 
concentradons of mctcrgolinc b-.^r signiflcant effecls on 5HT dose response. 

Cell pretrcatmcnt with 10 nM metcrgclinc displayed a larg-. increase in basal IP 
levels suggesting an increase in spontaneous receptor activatioa A ten-fold 
increase in metcrgoline concentration to 1 00 nM -igniCcartly reduced the basaJ 
IP levels without significant effect on maxima] level. Further increases in 
metcrgoline to concentrations superior to 100 nM progressively and significantly 
decreased 5HT potency (EC^ and reduced the maxima] response of IPs produced 
in the presence of 5HT (Fig. 3 A, Table 2). 
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Tablc 2. Pharmacology of 5HT2C receptors exprexsed in Sf9 cells after metergolinc 

treatment. 

(Kcsulu arc expressed as a mean ± SE for at least 3 experiments. IP responses and 
[^H]mesulerginc binding arc inca^.ircd in whole cells (48 hours po5t-infe::ticn) following 
pret'e?tment with mctergoline pt various concentrarions.) 



Maxim- n- 

I^Hlmcsulcrgine SHT Dose Response AcUvitj ' 

Binding Sites 



Mctergoline % Residual -pECjoiSE p va W % Magnitude' 



Pietieatineiits Sites 



Stimulation 



3 



vehicle lOOdblO 7.69 ±0.10 12 ±2 
-9M 57dbl4 7.33 dr 0.06 >0.05 13 ±2 
-8M 29 ± 12 7.06 ±0.02 >0.05 39 ±5 
-7M 11 ±4 7.07x0.08 0.03 112 ±4 
6±4 6.42 ±0,12 0.01 129 ±3 
5±4 54n±OOQ Oft] r^^^ 




MAxmttin^knrcbfttjm Figure 2 wtwaofTM tmcMcity foik>wing tnatment of the cclls^ 

1 5 with xnetergoline. 

'Sluacni t test wu performed between vehicle treated and the vanous metcTEolinc treaanents (a-O.05). 
^ahics estiinated fimn Figure 2. 



From the foregoing description, one skillsd in the art can easily asccxtain the 
essential characteristics of this invention^ and without departing ftom the q>irit 
and scope thensof, can make various changes and modifications to the invention 
to adapt it to various usages and conditions. Such changes and modifications are 
properly, equitably, and intended to be within the full range of equivalence of the 
following claims. 
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We Claim: 



A method of screening test substances for thdr abilities to increase 
spontaneous G protein-coupled receptor ru:tivity, comprising: 



e. 



d. 



expressing DNA encoding a G protein-coupled receptor in a cell 
expression system; 

contiicting a tc3t substance with the cells uxxler conditions 
permitting interaction of the test substance with the expressed G 
protein-coupled receptor, 

washing the cells under appropriate ..nd,Uons to remove the test 
substance; and 

measuring a quanUfiable parameter using biochemical or other 
assay procedures that indicate the agonist-independent activity of 
said receptor in said systan. 



2. A method according to claim 1 . wherein whole cells are derived from 
baculovirufl cxprcsrion system in Sf9 cells. 



3. 



A method according to claims I or 2. wherein said receptor is a 5- 
hydroicytryptamine Type 2C roceptor. 



4- A method of screening test substances for their abilities to increase the 



response of G protcin-couplod rcceptore to agoniaU. 



compnaing: 



(1) cxpre«ing DNA encoding a G protein-coupled receptor in a cell 
expression system; 
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5. 



15 6. 



7. 



8. 

20 



(2) contacting a lest substance with the cells under conditions 
permitting mtcraction of the test substance with the expressed G 
protein-coupled receptor, 

(3) washing the ceils under appropriate conditions to remove the test 
substance; 

(4) contacting an agonist with the cells under conditions permitting 
int*iraction of the agonist with the expressed G protein-coupled 
receptor; and 

(5) measuring a quantifiable parameter using biochcrnical or other 
assay procedures that indicate the agonist-dependent activity of 
said receptor in said system. 

A method according to claim 4, wherein whole cells are derived from a 
baculovirus expression system in SS cells. 

A method ace -.ling to claims 4 or 5, wherein said receptor is a 5- 
hydroxytryplamine Type 2C receptor, 

A method accoixiing to claims 4, 5, or 6, whereir said agonist is 5- 
hydroxytryp taminc . 

A teat kit for screening teat subslaiicca for ihcir abilities to increase G 
protdn-couplcd receptor activity, in one or more containers, comprising: 



a) whole cclU expreasmg a G protein-coupled receptor. 



b) ifpropriatc rcagcnta and buffers to allow the contacting of test 
subatanceA '?nth aaid receptoPp 
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c) appropriate reagents and bufTcrs to enable the washing of said 
cells to remove the test substances; 



d) appropriate reagents, buffers, biochemical assay components to 
enable ddcctioii and/or quantification of activity of G protein- 
coupled receptors; and 



c) instructions for use of this kit. 



A test kit for screening test substances for their abilities to increase 
spontaneous G protein-coupled receptor acti'/ily. m one or more 
containers^ comprising: 

a) whole cells expressing a G protcinHX>up]ed receptor, 

b) appropriate reagents and buffers to allow the contacting of test 
substances witli said receptor, 

c) appropriate rcagcnU and buffers to enable the washing of said 
cells to remove the test substances; 

d) appropriate reagents, buffcra, and agonists to pcnnil the 
interaction of such agonist with said receptor, 

c) ippropriaic reagents, buffcn, bicchcxnical assay components to 
enable detection and/or quantificatioQ of activity of G protein- 
x>up^ed rec^tors; and 



20 



I) instnicUona for use of dais kit 
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A test kit for Bcrccning test substances for their abililicr lo afTect the 
agonist response of G protein-coupled receptor activity, in one or more 
containers, comprising: 

a) whole cells expressing a G protcinK^ouplcd receptor, 

b) appropriate rragcnts and buffers to allow the x)ntacting of test 
substances with said receptor, 

c) sppropriate reagents and buffers to enable the washing of said 
celb to remove the test substances; 

d) ap pr opriate reagents, buflers, biochemical assay components to 
enable detection and/or quantification of activity of G protein- 
coupled receptors; and 

e) instructicnfi for use of this kit. 

A test kit for screening test substances for their abilities to affect the 
agonist response of G protein-coupled receptor activity, in one or naorc 
containers, comprising: 



a) whole cells expressing a G protoin-couplod receptor, 

b) appropriate reagents and buiTers to allow the contacting of test 
substances with said receptor. 



20 



c) appropriate reagents and bufTers to enable the was^iing of said 
cells to remove the test substances; 
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d) appropriate reagents, buffers, and agonists to pennit the 
interr '-on of such agonist w-th said receptor. 



e) appropriate reagents, buirers, biochemical assay components to 
enable detection and/or quantificalion of activity of G protein- 
coupled receptors; and 



f) instructioos for use of this kit 



An in vitro method to evaluate a G protein-coupled receptor antagonist, 
the test compound, for the ability to increase spontaneous G protein- 
coupled receptor activity of its corresponding G proteirw^upled receptor, 
the method conq)ri8ing: 

(a) incubating the test compound for a limited period of time 
with a whole cell or cell membrane preparation comprising a 
cloned and expressed O protein-coupled receptor, washing out 
any residual test compound prior to evaluating its effects; and 

(b) measuring the extent to which the test compound. 

The method as in claim 12. wherein said whole cell is an Sf9 cell or said 
membnne fragment is derived thereof. 



14. Thi^ method as in claim 1 2, wherein said G protein-coupled receptor is 
20 5HT,c. 



15. The method as in claim 1 2. wherein said G protein-coupled receptor is a 
serotonin receptor selected from the group consisting of SHT,;^. 5HT,b. 
5HT.^ HT... SHT 5HT^. 5HT„. 5HT,. 5HT,^. 5ITr„, 5HT^ 5HT,. 



25 



16. 



An in xitro method to evahialc a O protein-coupled receptor antagonist, 
the teat conipound, for the ability to increase the spontaneous receptor 
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activity or effect on agonist response of its corresponding G protein- 
coupled receptor, the method comprising: 

(a) using biochemical or other assay proc xlurcs to measure a 
quantifiable panunetcr that is indicative of the i * -^ ^ity of rwcptors 

5 ability to activate a cellular response pathway in a whole cell or 

cell membrane preparation, comprising a cloned and expressed G 
protein-coupled receptor, 

(b) incubating the test compound wiih an aliquot of the 
preparation for a limited period of time; 

10 (c; washing out residual test compound irom the preparation; 

rjid 

(d) measuring the quantifiable parameter in the test compoimd- 
trcated aliquot to detennine the extent to which the test compound 
increases the spontaneous receptor activity or effects the agonist 
1 5 respotise of the receptor. 

17. The method as in claim 16, wherein sdd whole cell is an Sf9 cell or said 
me/iV^i^ic C*agment is derived thereof 

18. The method as in claim 16, w'-^erein said G proicin-coupled receptor is 
SHTk. 

20 19. The method as in claim 1 6, wh^ein said G protein-coupled receptor is a 

serotonin reciter selected from the group consisting of SHTi^. 5HTib, 
5HT,j>. HT,B, 5HT.F, SHT^^. SKT^. SHT,. 5HT,^. SITT.b. 5HT„ SHT,, 

20. An in vitro method to evaluate a G protein-coupled nxcptor antagonist, 
llie test compound, for the ability to increase the spontaneous receptor 
25 activity or effect on agonist response of its corresponding G protein- 

coupled receptor, the method comprising the steps, to be followed 
sequentially, of: 
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(a) generating a reproducible expression system that allows for 
diBcriminiation of chemical compounds based on their relative 
ability tr increase the spontaneous receptor activity or effect on 
agonist n^nsc of ::aid G protein-coupled rcccptor>> wherein said 
«:y.rtem expresses a gene coding lor a G protein-coupled receptor 
in a cultured cell-line in a manner that causes biologically active 
receptors to become incorporaied into the cell membrane at a 
concentration that is sufficiently high that it permits ranking of the 
potencies cr the abilities of antagonists to increase the spontaneous 
receptor activity or effect on agonist response on a statistically 
significant basis, yet nol so high as to induce cell toxicity; 

(b) generating a cell preparation or cell membrajie preparation fiom 
the expression system; 

(c) measuring a quantifiable parameter that is indicative of the G 
protein-coupled receptors; 

(d) contacting an aliquot taken from the preparation with a test 
compound under conditions permitting interaction of the test 
compound with the G pn>tcin-coupled receptor, 

(e) washing out residual test compound from the aliquot; and 

(0 measuring said quantifiable pammetcr in the aliquot subsequent to 
(e) to determine the extent to which said compound to increase the 
spontaneous roc^tor activity or effect on agonist response of said 
receptor. 



The method as in claim 20, wherein said whole cell is an S{9 cell or said 
membrane frv-gment is derived thereof 

The method as in claim 20. whwci j iaid G protein-coupled receptor is 
5HT«, 
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23. The method as in clairr 20, wherein said G protein-coupled receptor is a 
serotonin receptor selected from the group consisting of 5HT)a. 5HT,b» 
5HT.^ HT,,. 5HT,r. 5HT^. SKT^ SKT,. SHTs^. SHT^. SHT*. 5HT,. 
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